in those with scoliosis, 106x3 (6.9) in the thoracoplasty patients, and 103x3 (3.4) in controls. One patient with COPD, two with scoliosis, two with thoracoplasty, but no controls were hypermetabolic (REE >110% predicted). In all groups there was a negative relation between OCB and lung function (OCB v FEVy r= -0-83 in COPD, -0-62 in scoliosis, -0-67 in thoracoplasty, and -0-76 in controls). There was no correlation between REE and OCB or MAMC. Conclusions -In patients with respiratory disease OCB (augmented ventilation) is related to lung function but not to REE. This is evidence against the hypothesis that hypermetabolism due to increased oxygen cost ofbreathing at rest is the sole or major cause ofmalnutrition in patients with lung disease. (Thorax 1994;49:781-785) Weight loss and malnutrition are well recognised features of patients suffering from emphysematous chronic obstructive pulmonary disease (COPD).'2 While it is known that malnutrition is an adverse prognostic feature, the reason for its occurrence in these patients remains unclear.3 Malnourished patients with COPD have been shown to have an elevated resting energy expenditure (REE) and it has been suggested that an increase in the oxygen cost of breathing (OCB) results in a state of negative energy balance and weight loss.4`6 However, this conventional hypothesis has been challenged by recent findings. Ryan et al in a study of energy balance in malnourished patients with COPD showed that, like other malnourished individuals, they have a low rather than a high resting energy expenditure (REE) and are therefore hypometabolic rather than hypermetabolic.7 Moreover, other investigators have shown that even well nourished patients with COPD demonstrate an elevated resting oxygen consumption.8
gested that this weight loss could be due to a hypermetabolic state resulting from the increased oxygen cost of breathing (OCB). To clarify the relation between resting energy expenditure (REE), nutritional state, and OCB these indices were measured in patients with respiratory impairment and an increased OCB due to COPD, scoliosis, and thoracoplasty. Methods -Eighteen patients (six COPD, six scoliosis, six thoracoplasty) of mean (SD) age 59 9 (8.6) years (8M, IOF) and six controls (45.5 (9.9) years; 2M, 4F) were studied. OCB was estimated by the addition of dead space to the breathing circuit and REE was measured by indirect calorimetry using a ventilated canopy system. Height, arm span, weight, triceps skin fold thickness (TSF), mid-arm muscle circumference (MAMC), forced expiratory volume in one second (FEVI), and vital capacity (VC) were measured in all study subjects. Results -OCB was elevated in all patient groups (mean 70 mlll) compared with controls (19 ml/l). All patients with COPD, four with scoliosis, three with thoracoplasty, and none of the controls were <90% ideal body weight. Mean (SD) measured REE as % predicted (Harris- Benedict equation) was 103x8 (7.6) in patients with COPD, 105x5 in those with scoliosis, 106x3 (6.9) in the thoracoplasty patients, and 103x3 (3.4) in controls. One patient with COPD, two with scoliosis, two with thoracoplasty, but no controls were hypermetabolic (REE >110% predicted). In all groups there was a negative relation between OCB and lung function (OCB v FEVy r= -0-83 in COPD, -0-62 in scoliosis, -0-67 in thoracoplasty, and -0-76 in controls To determine whether an increased OCB is associated with an elevated REE and malnutrition, and to explore the relation between REE, OCB, lung function, and nutritional status, we have measured these parameters in patients with respiratory impairment due to COPD and in patients with scoliosis and thoracoplasty who also exhibit an increase in the energy cost of breathing.9
Methods

PATIENTS
Six patients with COPD (3M, 3F; mean (SD) age 67*0 (3 0) years), six with scoliosis (3M, 3F; 5O10 (7 2) years), and six with thoracoplasty (2M, 4F; 617 (5 7) years) were studied. All were in a clinically stable state, free from overt oedema and signs of respiratory tract infection. All the patients with COPD and five of those with thoracoplasty were receiving inhaled 3 agonists. All the patients with COPD, four with thoracoplasty, and two with scoliosis were exsmokers. Six non-smoking healthy volunteers (2M, 4F; 45f5 (9-9) years) were also studied in order to assess the reliability of the various techniques used in the study. crystal and a rapid infrared analyser respectively. At the beginning and end of each measurement the gas analysers were calibrated using a high purity gas mixture (BOC, UK). Accuracy of the flow measurements were confirmed to be within 2% over a range of flow rates. Resting Vo2 and minute ventilation (VE) were measured first for 15 minutes using the metabolic cart and the data obtained during a five minute period of stable ventilation (minute to minute variation in ventilation < 1 litre) were used in the calculations. Following this a 15 minute rest period of breathing without the mouthpiece was allowed. The subject was again attached to the mouthpiece, now with a dead space tubing added to the breathing circuit. The volume of the dead space added was variable and aimed to increase the subject's minute ventilation by 5-10 litres. Once a stable level of ventilation had been achieved with the dead space, Vo2 and VE were estimated again over a stable period. Oxygen cost (in ml/l ventilation) was defined as the ratio of the increase in the oxygen consumption between the dead space and resting ventilation relative to the increase in minute ventilation. The coefficient of variation for Vo2 measurements with added dead space, based on a study of 10 patients on separate occasions, was between 6% and 11%. It The reasons for the differences in the results of our study and those of Donahoe et al4 and Goldstein et al'9 are probably methodological. Firstly, we used a non-invasive system to measure REE in order to circumvent the effect of respiratory apparatus on the breathing pattern.2' In a previous study of similar patients we have shown that there is a significant difference in the REE estimated by the ventilated canopy and mouthpiece plus nose clip systems, with the latter consistently tending to overestimate the REE.22 Secondly, our patients were all studied in the fasting state early in the morning, unlike those of other workers whose patients were studied at various times ofthe day whilst on an intravenous infusion of nutrients. '9 Although it is known that the work ofbreathing is increased in patients with chest wall disease,9 there are no precise data in the literature regarding their actual oxygen cost of breathing. Since the values for OCB in patients with COPD obtained in this study (6 5 ( 1 3 (5-96 ml/i) and Levinson 
